Involvement of retinoic acid signaling in goldfish optic nerve regeneration.
Recently, we identified a retina-specific retinol-binding protein, purpurin, as a trigger molecule in the early stage of goldfish optic nerve regeneration. Purpurin protein was secreted by photoreceptors to injured ganglion cells, at 2-5 days after optic nerve injury. Purpurin bound to retinol induced neurite outgrowth in retinal explant cultures and retinoic acid (RA) had a comparable effect on neurite outgrowth. These results indicate that purpurin acts as a retinol transporter and facilitates conversion of retinol to RA. Intracellularly, RA is transported into the nucleus with cellular retinoic acid-binding protein IIb (CRABPIIb) and binds with retinoic acid receptor alpha (RARalpha) as a transcriptional regulator of target genes. Here, we investigated the RA signaling through RA synthesis to RARalpha in the goldfish retina during optic nerve regeneration by RT-PCR. Retinaldehyde dehydrogenase 2 (RALDH2; an RA synthetic enzyme) mRNA was increased by 2.7-fold in the retina at 7-10 days and then gradually decreased until 40 days after nerve injury. In contrast, cytochrome P450 26a1 (CYP26a1; an RA degradative enzyme) mRNA was decreased to less than half in the retina at 5-20 days and then gradually returned to the control level by 40 days after nerve injury. CRABPIIb mRNA was increased by 1.5-fold in the retina at 10 days after axotomy, RARalphaa mRNA was increased by 1.8-fold in the retina at 10 days after axotomy. The cellular changes in the RA signaling molecules after optic nerve injury were almost all located in the ganglion cells, as evaluated by in situ hybridization. The present data described for the first time that RA signaling through RALDH2 and CRABPIIb to RARalpha was serially upregulated in the ganglion cells at 7-10 days just after the purpurin induction. Therefore, we conclude that the triggering action of purpurin on optic nerve regeneration is mediated by RA signaling pathway.